Objective: Balanced citations are a necessary condition for a sound development of scientific knowledge, whereas selective citations may bias scientific consensus. In this study, we assess which determinants influenced the likelihood of being cited in the literature on trans fatty acids and cholesterol.
Introduction
Citations are a key element in the development of knowledge and are highly valued within the scientific community. Citations have been suggested as a measure of (intellectual) influence [1, 2] , persuasiveness [3, 4] , and socially defined quality [5, 6] . With the growing amount of literature in biomedical research, it is impossible to cite every relevant source and therefore only a selection of the relevant literature is cited in each publication. It might be questioned whether citation practices are solely driven by research quality, or whether factors such as the study results also influence selection of citations. Previous research, on clinical trials from a variety of fields, showed that most trials only cite a very small percentage of available previous trials and thereby neglect evidence [7, 8] . Song (2010) defined the phenomenon when the selection of citations is related to the study result, as citation bias [9] . Citation bias is considered to be a questionable research practice (QRP). QRPs are a variety of scientific misbehaviors that negatively influence the development of knowledge [10] . A recent survey among scientists showed that selective citation is one of the most frequent QRPs [11] .
The occurrence of citation bias has been studied in a number of research areas. Recently, a systematic review and meta-analysis summarized the literature on citation bias [12] . Forty-six publications on citation bias were identified from different research areas and using different methods. Overall, our systematic review concluded that
What is new? Key findings
Citation bias is present in the literature on dietary trans fatty acids and serum cholesterol. Studies reporting a significant association between trans fat intake and LDL-c have a three times higher likelihood of being cited, compared to studies with nonsignificant results. Sample size, journal impact factor, and the authority of the author are also important determinants of selective citation.
What this adds to what is known?
A multitude of research has proven that negative studies are cited less than positive studies. This research has also shown that multiple factors influence the likelihood of being cited.
Citation network analysis has been developed to gain insight into the determinants of selective citation.
What is the implication and what should change now?
Awareness should be raised that selective citation might drive the viewpoint of the reader in a certain direction and influence agenda setting, which might not be in line with the available evidence.
Especially when science is being used in decisionmaking processes, more attention should be paid to reporting all of the available literature instead of relying on often cited publications.
citation bias is present, with the most convincing evidence from the field of biomedical sciences [12] . A meta-analysis in our review showed that positive studies are approximately two times more likely to be cited than negative studies. However, heterogeneity was very high because of the different methodologies and topics under study. Some publications studied citation bias in a specific research area [13e16], whereas others studied citation bias within one or more journals or databases [17e19] or assessed citation bias in systematic reviews [20e22] . In addition, the way in which citation bias was measured varied across publications. For example, Greenberg (2009) compared the percentage of positive citations to the percentage of negative citations in a certain field [23] . Ioannidis (2011) followed a different approach, by taking a cohort of publications that received more than 400 citations and comparing their reported effect sizes with the effect sizes in meta-analyses in the same field [24] . Both approaches assess the relationship between study outcome and citation but each from a different perspective.
Citation bias focuses on study outcome as the determinant of selective citation. However, selective citation can be driven by other factors as well. Determinants that have shown a positive association with citation rate in multiple studies are sample size, study design, journal impact factor, and the number of references [19, 25, 26] . Furthermore, privately funded studies are often believed to be less credible compared with publicly funded research [27] . Research has indicated that for-profit studies receive higher numbers of citations and thereby potentially skew knowledge development [28] . Other factors that have been incidentally linked to citation count, but with uncertain results, are gender of the author, number and type of affiliations involved in a publication, the authors' reputation, and whether the title of the publication includes its conclusion or not [25, 26] . Finally, the language of a publication might influence the likelihood of citation, for example, by formulating firm conclusions or not. This can be measured as ''hedging.'' Hedging refers to the use of vague language and therefore attenuates the strength of a claim [29] . Via specialized software [29] , each publication can be given a hedging score between 0 and 5, with a higher value corresponding to the use of more uncertain language. To which extent these potential determinants of selective citation actually influence knowledge development is unclear and will most likely be subtle.
In the present study, we apply a new methodology to study the occurrence and determinants of selective citation. Inspired by previous literature, we have combined several approaches to assess the impact of different determinants on the likelihood of being cited. In this citation network analysis, we are not interested in the content or the correctness of citations but solely in the occurrence of selective citations in the light of skewed knowledge development. We aim to add to previous literature by providing a broader overview of selective citation by including all previously mentioned determinants into one study.
As an example topic, we will apply our methodology to the literature on the effect of industrially produced trans fatty acid (IP-TFA) intake on LDL cholesterol (LDL-c) and HDL cholesterol (HDL-c). IP-TFA is known to be associated with increased serum LDL-c and decrease serum HDL-c [30e33]. This scientific consensus has been strong enough for policy makers and industry to take action and limit the amount of IP-TFA in food [34, 35] . The reason for choosing this research area as an example is that no obvious signs of citation bias are present in this field. Therefore, we can study the occurrence of citation bias and the determinants of selective citation in an objective way, without expectations with regard to the outcome. In addition, the fact that the discussion has been settled makes it interesting to see how selective citation might have influenced the development of consensus in this field.
Methods
Before performing the study, the citation network analysis method was described in a study protocol (see Supplementary Material). The main activities in the citation network analysis are also presented in this paragraph.
Search strategy and article selection
A systematic search strategy was performed in Web of Science Core Collections. The following search terms were used to identify relevant studies on IP-TFA, LDL-c, and HDL-c: (''Trans fat*'' OR ''Hydrogenated oil*'' OR ''Elaidic acid*'') AND (''Low density lipoprotein'' OR ''High density lipoprotein'' OR ''Cardiovascular'' OR ''Coronary heart disease'' OR ''LDL'' OR ''HDL'' OR ''CVD''). The search strategy was based on broad search terms, to make sure no relevant publications would be missed. Reference lists of the identified articles were not checked for missing publications because this would interfere with the study aim. This would have caused an overrepresentation of articles cited within the network, whereas articles neglected by the network would less likely be found.
Publications were included if one of their study aims concerned the effect of IP-TFA intake on LDL-c and/or HDL-c and if the study design was an observational or an intervention study, a systematic review, or another type of synthesis article. Only studies on human subjects were included; no restrictions with regard to language or publication year were used.
The search, conducted by MJEU in January 2016, identified 1027 publications (Fig. 1) . After the title selection, performed in duplo by MJEU and BD, 332 publications remained. A second selection round, based on abstract, performed by MJEU and GMHS, limited the number of publications to 118. Ultimately, the network contained 108 publications because the full text of 10 publications could not be identified, despite multiple attempts to find them via Google Scholar, the corresponding author and ResearchGate.
Data extraction
All publications in the network were scored on a number of potential determinants of citation, listed in Table 1 . Data extraction was performed in duplo by MJEU and GMHS.
Study outcome was operationalized in two ways. First, we scored whether the publication reported a statistically significant effect of trans fat intake on LDL-c, HDL-c, or the ratio of total cholesterol:HDL-cholesterol (TC:HDL-c ratio). The latter was not described in our study protocol but added as an outcome measure because this appeared to be an important and often used biomarker of cardiovascular disease during the 1990's. Second, study outcome was measured by scoring whether or not the findings of the publication were in line with the hypotheses that IP-TFA intake increases LDL-c, decreases HDL-c, and increases the TC:HDL-c ratio. When the findings were in line with the previously mentioned hypotheses, scoring was based on the reported point estimate, without taking into account the confidence interval. For publications that did not report statistical results, such as narrative reviews, scoring was based on the author's conclusion. The study designs presented in this network were observational studies (cohort and cross-sectional studies), intervention studies, systematic reviews, narrative reviews, and editorials. Sample size was measured as the total number of participants included in a study. For systematic reviews, the sample size was measured as the sum of participants of all included studies. Narrative reviews or other documents where the number of participants was not clearly described were coded as having zero participants, to avoid missing values in the analysis. The determinant ''authority of the corresponding author'' was measured by the publication's level and varies over time. All coauthors of all publications were assigned an ''authority score,'' which was the number of citations received within this IP-TFA network, at each year the network was active. The authority of the author was measured as the total number of citations received at the moment before a new potential citation, to avoid interference between the authority and the citation score.
Other variables that were measured are hedge factor, number of affiliations, journal impact factor at the moment of publication, funding source, number of references, whether or not the title of the publication described the conclusion of the publication, as well as the gender and the affiliation of the corresponding author. 
Statistical analysis
Each publication in the network plays the role of a citing and a cited publication. We were solely interested in the effect of the characteristics of the cited publication on the likelihood of being cited. The unit of analysis in this study was therefore the citation path itself. A potential citation path existed between one publication and every other publication in the network that was published at least 2 years earlier. This limit of 2 years was set to allow the citing publication sufficient time to be written, reviewed, and published. In the constructed data set, each row represented a potential citation path followed by an indication whether the potential citation path had actually been utilized or not and the characteristics of the cited publication of that citation path.
A single publication could cite to multiple other publications. Therefore, a multilevel approach was required, in which the citation paths were nested under the citing publication. Random effect logistic regression was modeled to assess the effect of characteristics of the cited article on the likelihood of being cited. Fixed effect logistic regression analysis was used to test concordance between the cited and citing publication in relation to citation behavior.
First, univariate analyses were performed to test every previously described potential determinant of citation in the cited publication as a predictor of the likelihood of being cited. Second, each analysis was adjusted for study design and sample size. These two variables were used as a proxy for study quality, which we considered to be an acceptable driver of selective citation. All statistical analyses were performed in Stata 13.
The outcomes of the logistic regression are reported in the results section of this publication as odds ratios. According to the literature, the odds ratio gives an overestimation of the risk compared to the relative risk in studies where the outcome is a common condition [36] . In our network, the prevalence of being cited is 13% (669 actual citations of 5,041 potential citations). With this prevalence, we do not consider ''being cited'' as a very common condition, and hence the overestimation of the odds ratio over the relative risk will be within considerable limits [36] . Ultimately, the odds ratio gives an accurate estimation of the direction of the effect; only the exact magnitude of the effect should be interpreted with some caution. For the readability of the publication, we interpret these values as if they are relative risks and therefore speak about ''the likelihood of being cited.''
Results
In total 108 publications, published between 1990 and 2015, on the effect of IP-TFA on cholesterol were identified in the network. Among these publications, 5,041 potential citation paths existed; 669 of them have been utilized. Characteristics of the network are displayed in Table 1 . Table 2 displays the crude odds ratios for all potential determinants of the likelihood of being cited. Fig. 2 visualizes of part of the network, namely the empirical studies (circles) and systematic reviews (squares). From the visualization, the development of the amount of evidence over time can be seen together with the timing of the systematic reviews. In addition, the visualization shows that some publications are highly cited within the network (e.g., Mensink, 1990) , whereas others are less popular (e.g., Mutalib, 1999).
Study outcome
In this network, each narrative review was in line with the hypotheses that IP-TFA increases LDL-c, decreases HDL-c, and increases TC:HDL-c ratio (data not shown).
Reporting a significant effect of trans fat intake on LDLc, regardless of the direction of the effect, is a strong predictor of citation and leads to an approximately three times higher likelihood of being cited. After adjusting for study design and sample size this effect remained, suggesting that the effect cannot be explained by study quality. For the relation between significant findings on HDL-c and the ratio TC:HDL-c and citation, this effect is also present but of a lower magnitude of approximately 1.5 and 2, respectively. Taking into account the direction of the effect, being in line with the hypothesis on LDL-c and HDL-c or not, is a significant determinant of citation only after adjusting for study design and sample size ( Table 2) . Reporting results that are in line with the hypothesis that TC:HDL-c is increased by IP-TFA intake or not, has no impact on the likelihood of being cited. Because the variables ''significance'' and ''being in line with hypothesis'' are related to each other, a Bonferroni adjustment was performed to correct for multiple comparisons. These two variables are tested in six hypotheses, regarding LDL-c, HDL-c, and TC:HDL-c. After applying a Bonferroni correction, an a of 0.008 was taken into account. This did not change the interpretation of the results.
Article characteristicsdcontent related
Large variation was observed in the sample sizes of the publications, ranging from 10 to 140,390 participants. To deal with the large range and nonparametric distribution, sample size was used as a categorical variable in the analysis (Table 1) . Naturally, sample size highly correlates with study design, as the lowest category of sample size (0 participants) mainly contains narrative reviews, whereas observational studies only appear in the highest category (more than 80 participants). Nevertheless, there was no proof of collinearity between sample size and study design, and the likelihood of being cited increased with a higher number of participants ( Table 2) .
Although narrative reviews made up half of the network, they get cited rarely (5%) compared to every other research design ( Table 1 ). The likelihood of being cited for intervention studies and systematic reviews is 6 and 7 times higher, respectively, compared with narrative reviews (Table 2) . However, the effect of experimental study design on citation is explained completely by the sample size, as the odds ratio changed from 6.0 to 0.84 after correcting for sample size ( Table 2) .
Many publications included additional determinants and outcomes besides IP-TFA and LDL-c and HDL-c ( Table 1) . The likelihood of being cited increased with both additional determinants and study outcomes, shown by a P-trend of ! 0.001 for the crude ORs of both variables. This can be explained because less specific publications can be cited for multiple reasons by different research areas. The effect of additional outcomes and determinants on the likelihood of being cited disappeared and even reversed, after adjusting for study design and sample size, respectively.
Article characteristicsdnot content related
Hedge factors were measured for all publications written in the traditional format (i.e., having separate sections for introduction, method, results, and discussion), which were 42 publications in total. Values of the hedge factor ranged from 0.57 to 3.26, on a 5-point scale, with a median value of 1.35. The likelihood of being cited increased significantly by almost three times with an increasing hedge factor (crude OR: 2.92 95% CI: 2.1-4.0). As explained before, a higher hedge factor referred to more uncertain statements.
The journal impact factor (JIF) at the moment of publication of an article ranged from 0 to 53 and followed a nonparametric distribution. Therefore, JIF was categorized based on its tertiles (Table 1) . Having an impact factor higher than 4 increased the likelihood of being cited by approximately 18 times, compared with an impact factor lower than 2. Because the JIF was measured at the moment of publication, the JIF did not interfere with the dependent variable of citation.
Having a title stating the conclusion significantly raised the likelihood of being cited (OR: 1.46, 95% CI: 1.2-1.8).
This effect reduced to a nonsignificant OR of 1.06 after adjusting for sample size and study design. Regarding language, only four publications were identified that were written in a language other than English and none of them received any citations in this network (Table 1) . Therefore, language could not be included in the analysis as a potential determinant of citation. Looking at funding of the study, which the publication reports, a large part of the network (45 publications) did not report any funding source. Nevertheless, no significant effect of reporting funding on the likelihood of being cited was found (Table 2) . When comparing different types of funding, for-profit funding had a 1.64 times higher likelihood of being cited compared with not-for-profit funding in this network ( Table 2) .
The number of references in a publication is inversely related to the likelihood of being cited. This contradicts our hypothesis that a higher number of references would lead to more credibility and therefore more citations. The number of references is often limited by the journal, and this rule might be different for high impact factor journals than low impact factor journals. However, the Pearson's correlation between the JIF and number of citations is only 0.0296.
Author characteristics
The majority of publications in this network had a male corresponding author ( Table 1 ). The corresponding authors of 87 publications were affiliated to a university. The likelihood of being cited is significantly smaller for female corresponding authors compared with male corresponding authors (OR: 0.72; 95% CI: 0.6-0.9), whereas the affiliation of the corresponding author did not make a difference (OR: 1.37; 95% CI: 0.9-2.1). After correcting for study design and sample size, both gender (OR: 1.19; 95% CI: 0.9-1.6) and affiliation (OR: 0.83; 95% CI: 0.5-1.3) did not significantly influence the likelihood of being cited anymore. The authority of the authors, which is determined by the total number of citations received each year in the network, ranged from 0 to 255 and followed a skewed distribution (median: 30; IQR: 3-93). Based on the tertiles, the variable was recoded into a categorical variable with three categories (!10, 11-60, O60). As expected, the likelihood of being cited increased three-to four-fold with an increase in the authority of the authors. Also after adjusting for study design and sample size, this significant effect of authority on the likelihood of being cited remained and even increased to an OR of 5 ( Table 2) .
To assess the impact of the large number of narrative reviews in this network, a sensitivity analysis was performed leaving out the narrative reviews as cited publications. This did not result in a substantial shift in outcomes, compared to the overall crude and adjusted analysis. Results of this analysis are presented in Table S1 in the Digital Supplement.
Results of the concordance analyses are presented in Table S2 of the Digital Supplement. It appeared that concordance between the citing and cited publication did not greatly influence the likelihood of citation for any of the study characteristics.
Discussion
In this network, we found that several factors are determinants for selective citation. First, citation bias was found because the adjusted analysis showed a significantly higher likelihood of citation for statistically significant studies on the relationship between LDL-c, HDL-c and TC:HDL-c, and serum cholesterol. Citation bias can affect the scientific process in several ways. For example, it might drive the reader, consciously or unconsciously, in a certain direction. Especially when this happens systematically, the reader might develop a certain belief system that is not in line with the available evidence. The effect of citation bias is especially dangerous because it cannot easily be detected within one publication. By systematic overrepresentation of and exposure to positive results, gradually a shift toward an unfounded belief system might be made. Greenberg (2009) showed in his citation analysis that citation bias can amplify certain claims by citing to reviews, which lack data addressing this claim [23] . As a kind of mere exposure effect, the reader will accept this claim more easily. The harmful effect of citation bias was shown clearly by Ioannidis (2011). This study showed that highly cited publications show exaggerated effect sizes when compared with effect sizes of meta-analyses in the same field [24] . Consequently, these exaggerated effect sizes will be of great influence in the research field because of their high number of citations, whereas they do not reflect the true effect.
Citation bias has been studied together with other types of selective reporting, such as outcome reporting bias and publication bias [37] . It is seen as a general phenomenon that negative findings receive less attention, which leads Fig. 2 . Visualization of the empirical studies and systematic reviews in the network*. * Circles reflect the empirical studies; squares reflect systematic reviews. Each line depicts a performed citation. The y-axis shows the time line; the x-axis is only for visualization purposes.
to less publication, reporting and citation of negative or nonsignificant results [37] . All types of selective reporting lead to an overrepresentation of certain evidence, making it very difficult to indicate the true effect and even potentially threatening the validity of meta-analyses [38, 39] . Although meta-analyses will be primarily influenced by publication bias and outcome reporting bias, also citation bias might play a role in this. Identification of literature via reference checking and contacting experts in the field are fixed components of systematic reviews and metaanalyses. Negative studies that are not often cited might be missed in this process, compared to positive, highly cited publications. Particularly in narrative reviews, citation bias might affect the discussion. Scientific knowledge development and agenda setting might be seriously influenced by over-reporting certain results, while neglecting other evidence. This becomes particularly problematic when scientific consensus is being used as a basis for clinical guidelines, legislation, industry decisions, or future research funding.
Additional to citation bias, our study identified other determinants of selective citation. Especially sample size, JIF and the authority of the author were positively correlated with the likelihood of being cited. These findings were in line with previous literature. Onodera (2013) showed that the influence of JIF is greater than author-related factors, such as the number of citations received by each author, with regard to citation rates [26] . Callaham (2002) analyzed which factors influenced the citation of publications for which abstracts had been submitted to a scientific meeting [40] . In this body of literature, sample size was the biggest predictor of citation, whereas study outcome had no effect on citation. Opposed to previous research, factors such as funding and the title of the publication were not associated with citation in the current network.
The methodology used in this work is different from earlier citation analyses in several ways. Previous studies have often compared the citation count toward positive and negative study (e.g., 41). We have however assessed the likelihood of being cited for publications, in relation to a number of determinants, by taking into account all potential citation pathways. In addition, the statistical method, a multilevel logistic regression, has not been used on previous citation analyses. With this approach we take into account the fact that citations are clustered in publications, and therefore, not all citation pathways are independent of each other. Finally, we studied not only the characteristics of the cited publication in relation to the chance of citation but we also looked at concordance. The rational behind this analysis was that authors use citations to amplify their own findings, and therefore cite mostly to sources that share the same characteristics. This would be different form of selective citation.
Our study also has several limitations. First, the search strategy to map the network was only conducted on the Web of Science database, making it impossible to use MeSH-terms in the search strategy and potentially leaving relevant publications unidentified. Especially the fact that only four non-English publications were identified, makes us suspect that not all relevant publications have been found. The reason for limiting the search to the WoS database was that this is the only database that enabled us to download the publications together with all corresponding citation paths, which was required for developing the data set. Second, the study outcome of each publication, which could be either statistical significance or being in line with the hypothesis, was scored based on the evidence reported in the result section of the publication. This does not necessary correspond with the way the publication has been cited by other publications. Although it is likely that citations are based on the presented evidence, it might also be based on the author's overall conclusion. The third limitation relates to the statistical analysis. Initially, it was planned to perform a multivariate analysis, to adjust for all determinants that might relate to citation frequency. In this way, we aimed to develop a model to predict the chance of being cited. In the prespecified study protocol, it was laid down that the multivariate model would include all determinants that showed a significant effect on the likelihood of being cited in the crude analysis. Unfortunately, analyzing this multivariate model created a very unstable model. As it was impossible to draw meaningful conclusions from this analysis, we decided to limit our study to the analysis adjusted for study design and samples size, as a proxy for study quality. Also in the adjusted analysis we should be aware that there might be overlap in the explained variation by both study design and sample size, as these variables are closely related. Nevertheless, no evidence for collinearity between these two variables was found.
In conclusion, with this study we have shown a new methodology to assess the occurrence of citation bias, as well as created a broader insight into the influence of other determinants of selective citation. From previous research, citation bias has shown to be a problem in several research fields. Also in the example study on trans fatty acid intake and serum cholesterol, citation bias was found. Sample size, JIF, and authority of the author were identified as other important determinants of citation. Further studies are needed to confirm these findings in other research areas and assess the consequences of selective citation for knowledge development and science-based decision-making.
